Introduction 
=============

Developments in virtual reality (VR) have the potential to radically transform the landscape of assessment in mental health. Immersive VR involves wearing an enclosed head-mounted device (HMD) that displays three dimensional images on a screen so that the person is fully immersed in a virtual environment (eg, *Figure 1* ).^[@ref1]^ Images are continuously rendered relative to the position of the head and can capture movements of the body, allowing users to explore and interact with objects and avatars (digital agents) in the virtual space. These virtual environments are either programmed using specialist software to create computer-generated, photorealistic images, or filmed with specialized cameras to create 360-degree videos of real-world scenes that can be replayed within VR. Together, these capabilities make it possible for researchers and clinicians to observe and record individuals in highly controlled and near-natural environments, in real time. 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VR has been applied for the delivery of exposure-based treatments, whereby individuals can experience feared situations or contexts in a safe and controlled manner, without leaving the clinical setting. Indeed, VR exposure treatments have proven effective across a range of mental health conditions. A number of reviews have been written on the topic of VR-based treatments for psychiatric conditions more broadly.^[@ref2]-[@ref7]^ Freeman et al^[@ref4]^ conducted a systematic review in 2017, finding 154 studies on VR treatments for a range of mental health disorders. Further reviews have been published on VR treatments for schizophrenia,^[@ref5]^ anxiety disorders,^[@ref2],[@ref8]^ and mental disorders more generally.^[@ref3],[@ref6]^ Evidence for the efficacy of VR treatments is noted within these reviews; however, the methodological quality of studies is generally low and the implementation of VR treatments beyond research settings is yet to be examined. Exposure therapy is notably dominant within this literature, highlighting how the ability of VR to recreate real-world environments has been leveraged to target the mechanism underpinning exposure. However, in general, innovation has not moved far from this approach, with more novel clinical applications of VR yet to be explored. One such application of VR within treatment is its use as a clinical assessment tool, a topic of relatively limited discussion within the literature. Clinical assessment is an integral element of mental health treatment, from diagnosis to treatment planning and monitoring. As such, the aim of this review is to orient the reader to the clinical application of VR as an assessment tool within mental health research and practice. The specific capabilities that underlie the utility of VR for clinical assessment is provided, as well as examples from high-quality research studies, finishing with a discussion of current considerations and limitations in the field. 

Benefits of virtual reality for assessment 
===========================================

From symptoms and cognition to functioning and capacity, the measurement of psychological phenomena is central to research and practice in mental health.^[@ref9]^ Although we can have confidence in current assessment instruments to a certain degree, there are many threats to reliability and validity.^[@ref10]^ Differences between the assessment context (eg, a lab or clinic) and the real world generate multiple sources of potential bias, threatening the accuracy of results. Real-world assessments are possible, but can be costly and time consuming, and access can be limited by location and mobility. VR may overcome many of these limitations through the ability to generate highly controlled, real-world experiences.^[@ref11]^  

Enhancing ecological validity 
------------------------------

With technological advances over the past decade in particular, VR has become increasingly immersive. By immersing individuals in real-world situations through VR, it is possible to conduct assessments that more closely emulate what happens in daily life. This capability overcomes the issue of ecological validity, that is, the degree to which the findings of research studies generalize to real-world settings.^[@ref11]^ Research has consistently shown that individuals respond to virtual environments as if they were experiencing them in real life.^[@ref12]-[@ref15]^ Virtual environments are known to produce physiological changes consistent with emotional responses to real-world scenarios^[@ref13],[@ref16],[@ref17]^ and have the ability to elicit symptoms such as paranoia,^[@ref18],[@ref19]^ cravings,^[@ref20],[@ref21]^ anxiety,^[@ref14],[@ref15],[@ref22]^ and fear.^[@ref23]^ A meta-analysis of nine randomized controlled trials comparing VR exposure with in vivo exposure for phobias found equivalent effects for both interventions, suggesting similar processes occur.^[@ref24]^ Experiences in VR have also been found to elicit predictable behaviors, with one study finding that people with higher levels of paranoia kept a greater interpersonal distance from avatars within a virtual environment, which was considered a reflection of perceived trust and social threat.^[@ref25]^ These findings highlight one of the main advantages of VR within mental health: the ability to simulate experiences in everyday life. 

Whereas validation studies are still lacking, research has demonstrated that VR-based assessments can perform comparatively to assessments conducted in the real world.^[@ref12],[@ref26]-[@ref28]^ Gorini et al^[@ref12]^ examined emotional reactions to food in a virtual kitchen, a real kitchen, and in photographs, among individuals with eating disorders. They found that both real and virtual exposure to food cues elicited the same emotional reactions, which were greater than those elicited by the photographs. VR also enables access to situations and experiences previously difficult to attain in research, such as hard to reach or dangerous environments. For example, VR has been used in neuroimaging research to study brain activation in naturalistic scenarios, a method previously impossible from inside the scanner.^[@ref29]^ Furthermore, since recent developments have resulted in VR becoming completely mobile, assessments do not need to occur within the clinic or lab, allowing people to access them remotely.^[@ref30]^ The possibility to deliver automated assessments in people's homes, independent from a clinician, is an exciting opportunity to increase efficiency, improve accessibility, and reduce cost.  

Control and manipulation of the virtual environment 
----------------------------------------------------

VR offers the ability to control and manipulate features of the environment that can be used to test and assess relevant variables, such as eliciting paranoia in social situations^[@ref18],[@ref31],[@ref32]^ or examining responses to cues within the environment.^[@ref12],[@ref20],[@ref21]^ Experimental control is a cornerstone of psychological research, enabling direct comparison between conditions to determine causal relationships between variables. Strong methodological rigor can be achieved in VR through careful manipulation of variables across conditions in virtual environments.^[@ref11]^ For example, Veling et al^[@ref31]^ randomized participants with psychosis, siblings, and health controls to conditions with varying levels of social stress within a virtual environment. They found a dose-response relationship between social stress and paranoia, which was associated with psychosis liability, supporting the theory that social stress may account for the relationship between the environment and psychosis. Another example comes from Freeman et al^[@ref33]^ who examined experiences of paranoia and perceptions of social rank within a virtual underground train. Participants were placed in two conditions: one where they were taller than others on the train and another where they were shorter. Findings showed that under the condition where they were shorter, participants had a more negative view of themselves relative to others and greater levels of paranoia. The differences in paranoia were fully mediated by social comparison, suggesting that negative views of the self, relative to others, may drive feelings of mistrust. 

Another capability of VR is that individuals are able to interact with objects within the system, rather than simply observing or imagining different scenarios. This not only enhances ecological validity, as interaction is inherent to the real world, but also allows researchers to examine behaviors of individuals within the virtual environment and their impact by manipulating different contingencies.^[@ref34]^ Previously, this type of research was only possible using actors or "confederates" who performed certain roles within situations, which was costly and limited in ecological validity. Furthermore, the controlled nature of the experience enables greater reproducibility relative to field studies where the environment is constantly changing. These capabilities have important implications for social psychology,^[@ref35]^ but also for identifying differences characteristic of mental disorders.^[@ref5]^ For example, previous studies have demonstrated that exposure of each participant to the same virtual scenario can allow controlled examination of the determinants of paranoid ideation.^[@ref18],[@ref33],[@ref36],[@ref37]^ As such, the enhanced environmental control and interactivity of VR allows for standardization of otherwise dynamic variables, ensuring a consistent assessment experience, both over time and across individuals. 

Personalization and tailoring 
------------------------------

Because virtual environments are computer-generated or recorded, it is also possible to program tailored VR experiences that match individual needs, abilities, or preferences (eg, slowing down a sequence, using text or audio instructions, minimizing distraction). Rizzo et al^[@ref38]^ developed a VR-based exposure therapy for posttraumatic stress disorder (PTSD) that enabled the therapist to customize various features of a combat scenario most relevant to the trauma experienced by soldiers. Since effective treatment of PTSD requires exposure to cues of highly idiosyncratic experiences, customization of the virtual environment is an important feature. Such customization also has important utility for assessment purposes, though very little research has examined this to date. For example, functional analysis involves the examination of how symptoms change in relation to different triggers and responses.^[@ref39]^ VR could be used to examine changes in symptoms across different situations and in relation to certain cues, for example visual, auditory, and olfactory, allowing precise insight into the determinants of relevant clinical events. Gatti et al^[@ref40]^ describe a VR protocol whereby clinicians were able to customize the virtual environment with personally relevant cues to alcohol craving and behaviors for the purposes of clinical formulation. The ability to perform psychiatric assessment via personalized tests and tasks meaningful to the individual and their situation is powerful but is currently understudied within VR. 

Real-time, automated data capture 
----------------------------------

The benefits of using technology for automatic data capture has been well recognized.^[@ref41]^ Mobile apps for tracking symptoms and other clinically relevant information over time^[@ref42]^ has been a major area of progress in digital mental health, with findings suggesting that they are feasible and acceptable to individuals.^[@ref43],[@ref44]^ Researchers are starting to consider how data collected from devices such as smartphone apps and VR might be clinically informative. Patterns in data collected from technology devices, such as movement, speech, and geolocation, have been associated with changes in symptoms^[@ref45]^ and may even be used to predict relapse among people with psychosis.^[@ref42]^  

It is possible to capture data automatically from users during VR experiences. Eye-tracking software can be integrated with VR,^[@ref30]^ capturing a source of data commonly used to identify markers of psychiatric disorders and cognition.^[@ref46]^ It is also possible to measure behaviors within the virtual environment, such as decisions about how to navigate and interact with different objects and agents.^[@ref25]^ Capturing the temporal relationship between variables in real time (ie, how thoughts, emotions, and behaviors unfold in relation to changes in the environment), makes it possible to test hypothesized processes and causal interactions. Furthermore, physiological measures commonly used as objective indicators of psychological states, such as heart rate and galvanic skin response, can be recorded and synced with virtual content or even eye gaze. Mühlberger et al^[@ref47]^ developed a VR-delivered behavioral avoidance test (VR-BAT) to assess fear in specific phobia while automatically collecting heart rate, skin conductance, subjective rating of discomfort, and stimulus-approach distance. Results indicated that the physiological measures were good predictors of fear intensity. Others have begun to investigate integrating more sophisticated biosensors, such as wireless electroencephalography (EEG), with VR to assess psychologically relevant constructs such as emotional state, with the aim to feed the data back to clinicians for enhanced decision making^[@ref48]^ or even within VR itself as biofeedback.^[@ref49]^  

Increasing engagement 
----------------------

Another benefit of delivering clinical evaluation via VR is the potential to enhance an individual's engagement with the test or assessment. Traditional testing procedures undertaken in mental health can be lengthy, repetitive, and/or laborious, which may impact individual performance, especially for measures of attention or memory. Therefore, replacing traditional assessment with more engaging, meaningful, or enjoyable methods has substantial appeal. This is particularly important given that symptoms such as poor concentration and lack of motivation are common across mental health conditions.^[@ref50]^ This application of VR may also be of benefit in young people experiencing mental ill-health, a population where digital technologies are common and their use for mental health is promising.^[@ref51]^  

VR may enhance engagement with clinical evaluations through the immersive, realistic, enjoyable environments enabled by the technology.^[@ref52],[@ref53]^ The term "presence" has been used in VR research to refer to the subjective experience of being in a place or environment, even when one is physically situated in another.^[@ref1]^ The feeling of presence is influenced by the degree of immersion, defined as the extent to which the system generates sensory stimulation consistent with sensorimotor experience (eg, images are updated as the head moves). Sense of presence has traditionally been linked to an individual's level of engagement^[@ref54]^ and motivation.^[@ref55]^ As such, high rates of presence and immersion reported within investigations of clinical uses of VR point to the ability of the technology to enhance engagement with clinical evaluation.^[@ref56]-[@ref58]^ However, it is currently difficult to create VR environments with a high level of realism, which can create a strong aversion to the experience.^[@ref59]^  

VR could further increase engagement with clinical evaluation by adding elements of digital games to the assessments, a process known as "gamification."^[@ref60]^ Incorporating features of games, such as rewards and feedback, within VR may engage individuals more fully in the evaluation process, limiting distractions that may compete for attention. Pollak et al^[@ref53]^ reported that young participants (aged 9 to 17) rated a VR attention-deficit/hyperactivity disorder (ADHD) assessment significantly more enjoyable than a computerized test of attention. The affordances inherent within VR technology have the potential to increase engagement with clinical evaluation for all individuals across presenting disorders, potentially improving the reliability and validity of the assessments. 

Applications of VR for assessment in clinical research studies 
===============================================================

Owing to the ecological validity, immersive capabilities, and ease of standardized data collection as discussed above, the field has begun to explore the use of VR for the assessment of clinically relevant outcomes. To date, these have fallen into three main areas: social functioning, cognition, and symptomatology. Social functioning can be assessed using automatic data capture such as eye gaze, proximity to VR avatars, and recording of responses to simulated social situations.^[@ref25],[@ref56]^ Across studies, individuals with mental health conditions known to impact social functioning differed from control participants on VR-recorded measures. Cognition was among the first outcomes to be assessed with early-stage VR programs,^[@ref61]-[@ref63]^ focusing on memory and executive function, commonly assessed using maze navigation and attention tasks. For example, response to a VR-administered continuous performance task assessed attention and response inhibition in children and teens with ADHD compared with controls.^[@ref64]^ Finally, VR environments have also been used to elicit and assess symptoms, such as paranoid ideation in the general population,^[@ref19],[@ref65]^ individuals at risk for psychosis,^[@ref32],[@ref37]^ those with a first-episode psychosis,^[@ref57]^ and individuals with long-standing persecutory delusions.^[@ref66]^ Other symptoms such as auditory hallucinations,^[@ref67]^ disordered eating,^[@ref68]^ addiction,^[@ref69]^ and phobia^[@ref47]^ have also been studied using VR. 

Considerations and limitations 
===============================

Whereas VR offers exciting opportunities to advance multiple areas of mental health, it is important to remain cautiously optimistic. Mirroring broader issues within the field of digital mental health, the following are major areas where caution is needed. 

Cost and access 
----------------

Although VR has been around for several decades, only recently has the technology advanced to the point of commercial readiness. A major milestone occurred in 2010 with the release of the *Oculus Rift* , a relatively affordable VR device directed at consumers. Prior to this, VR technology mainly existed behind the closed doors of software companies and specialized research labs.^[@ref1]^ Over the past decade, we have seen rapid technological advancement and proliferation of the marketplace, with various companies offering a range of devices suited to different consumers and budgets. Critical to VRs viability, 2019 saw the release of the fully mobile HMD *Oculus Quest* .^[@ref70]^ Mobile HMDs can be run without a cable connecting them to a computer, overcoming earlier problems with mobility and ease of use. It is now easier to imagine VR becoming commonplace in clinics, hospitals, and people's homes because it is easier to set up and more convenient to use. However, the cost of these devices is still prohibitive for many, with the most recent version of the *Oculus Quest* costing around US \$400.  

The biggest limiting factor to the implementation of VR into clinical practice at present is the lack of evidence-based VR programs that can be bought off the shelf and used by clinicians and researchers. A number of labs around the world are developing their own software packages and testing them, but they are not yet commercially available. The few commercially available products developed by software companies have not been tested to show whether they are safe and effective. Additionally, because the technology is advancing so rapidly, hardware becomes outdated quickly and proprietary issues limit the availability of VR applications across newer platforms. Consequently, we are yet to see VR have the same market penetration as smartphones, with only a small proportion of consumers currently owning these devices. Some clinicians have integrated VR into their practice,^[@ref71]^ but again we are yet to see these treatments become widely available despite good evidence base for some approaches, particularly exposure therapy for anxiety disorders.^[@ref2]^ In comparison, there has been a more steady increase in the use of VR within mental health research.^[@ref72]^ The slow integration of VR into clinical care is due to many factors. These include a lack in infrastructure to support the technology within services, absence of training and standardized evidence-based VR packages, the learning curve and costs associated with adopting new technologies, and more broadly, fears that technology may hinder engagement or even replace mental health professionals' roles.^[@ref73]^ For these reasons, it is imperative that new VR applications, and in fact any digital technology, are designed with considerations for the systems and context in which they will be implemented.^[@ref74],[@ref75]^  

Developing evidence base 
-------------------------

Traditionally, medical research is painstakingly slow at developing new evidence.^[@ref76]^ Research is costly, time consuming, and in many ways, inefficient. This is particularly problematic in digital mental health, where research operates at a much slower pace compared with technology development. Therefore, research often lags behind in providing the evidence base necessary to justify the hype surrounding many technologies.^[@ref74]^ As a result, the marketplace is largely dominated by mental health technologies that lack the evidence to substantiate their claims.^[@ref77]^ VR is no exception, with a booming market of HMDs, games, and applications ready for consumer use. 

In addition to the complexities in developing and validating new VR technologies, it is also difficult to maintain them. Updates to software and hardware require ongoing maintenance costs that are not afforded in the traditional funding model offered by research grants. Potential solutions are still unfolding; however, currently, it is rare for the technologies and applications developed by researchers to be widely available for consumers and clinicians.^[@ref78]^ They are also often developed in isolation, with collaboration across research centers lacking. Better partnerships across institutions as well as with commercial companies may offer solutions to this problem, but until this time, clinicians and researchers may find themselves frustrated by the lack of readily available VR assessment tools. 

Technical requirements and issues 
----------------------------------

Technology can be complex and unstable, with teams of experts required for effective development and maintenance. Anyone interested in developing new VR applications for research should be warned that considerable technical, design, and computational expertise is required.^[@ref79]^ Enhancing ecological validity is a major offering of VR; however, the degree of immersion necessary to generate the sense of presence is a matter of ongoing research. Features that affect this sense of immersion include the display parameters of the VR system (eg, frame rate and resolution), design features (eg, realism of visual objects), and multisensory feedback.^[@ref1]^ An interesting phenomenon related to this that is often observed in VR is termed the "uncanny" valley.^[@ref59]^ This refers to the way in which humanoid characters in a virtual world can elicit a feeling of unease or revulsion if they look very human-like but are imperfect (eg, their breathing movements are not realistic), reducing the overall realism of the environment. Interestingly, avatars with more cartoon-like feature might overcome this problem as they are easily accepted and do not seem to elicit the same sense of unease as more real-like humanoids.^[@ref80]^ Clearly, the design of reliable and immersive VR experiences is complex. This, combined with the computing power and hardware required to build and run VR experiences, is a challenge for those in the field.  

Ethical issues 
---------------

A number of reviews and commentaries have been written about the ethical landscape of digital mental health.^[@ref81]-[@ref83]^ Common themes across this literature include privacy, confidentiality, transparency, security, and ownership of data. These issues are also relevant to VR, especially when the application involves the collection of personal information and is accessed via the Internet. VR brings about more specific ethical challenges, however. More conceptually, the blurring of realities may have undue consequences on how we relate to and understand the world, perhaps especially so for conditions such as psychosis where reality distortion is already a challenge. As discussed previously, research has demonstrated that experiences in VR can have the same impact as if they occurred in the real world, necessitating considerable caution when conducting VR experiments designed to manipulate behavior.^[@ref84]^ Some have commented on the dangers of enabling continual access to alternate realities, potentially perpetuating escape from the discomfort of the real world.^[@ref85]^ The side effects of VR---namely, eye strain, cybersickness, and reality distortion^[@ref1]^ ---are also important considerations, and limited research exists on their long-term effects. In considering these factors, Madary and Metzinger,^[@ref84]^ and Rizzo and Schulheis,^[@ref85]^ provide recommendations for the ethical use of VR within research, drawing on general principles underpinning respect for rights and protection from harm. 

Conclusion 
===========

Sufficient evidence has accumulated to support the benefits of VR for a variety of assessment purposes in mental health. VR elicits similar psychological and physiological reactions to real-world environments, extending the reach of current assessments beyond the lab or clinic. Superior capabilities for experimental manipulation and controlled exposure could significantly advance the field of mental health by improving methodological rigor, as well as enabling more accurate and individualized assessment. Automatic data capture of behaviors and signals from VR experiences can reveal important insights that might improve our understanding of mental health conditions and inform more tailored treatments. Advances in hardware, software, and research evidence has progressed in recent years; however, more studies are clearly needed to establish the reliability and validity of VR-based assessments, and issues with access to these resources and ethics require attention, thought, and research as the field develops. 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